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ABSTRACT 

Objective: To investigate the influence of the 
availability of drug eluting stents (DES) on treatment 
choice (TC) among medical therapy (MT), coronary 
by-pass surgery (CABG) or percutaneous coronary 
interventions (PCI) and the consequent clinical 
outcomes in patients hospitalised because of coronary 
artery disease (CAD). 

Design: Observational study comparing two cohorts 
hospitalised immediately before, and 3 years after DES 
availability. 

Setting: Thirteen hospitals with cardiology facilities. 
Patients: 2131 consecutive patients with at least one 
coronary stenosis >50% at coronary angiography (CA) 
after exclusion of those with acute myocardial 
infarction or previous CABG or associated relevant 
valvular disease. 

Main outcome measures: Treatment choice after 
CA and 4-year clinical outcomes. 
Results: TC among MT (27% vs 29.2%), PCI (58.6% 
vs 55.5%) and CABG (14.5% vs 15.3%) was similar in 
the DES and bare metal stent (BMS) periods (p = 
0.51). At least one DES was implanted in 57% of 
patients treated with PCI in 2005. After 4 years, no 
difference in mortality (13.8% vs 13.2%, p = 0.72), 
hospital admissions for myocardial infarction (6.6% vs 
5.2%, p = 0.26), stroke (2.2% vs 1.7%, p = 0.49) and 
further revascularisations (22.3% vs 19.7%, p = 0.25) 
were observed in patients enrolled in the DES and BMS 
periods. Only in patients with Syntax score 23-32 a 
significant change of TC (p = 0.0002) occurred in the 
DES versus BMS period: MT in 17.4% vs 31%, PCI in 
62.2% vs 35.8%, CABG in 20.3% vs 33.2%, with 
similar 4-year combined end-point of mortality, stroke, 
myocardial infarction and further revascularisations 
(45.3% vs 34.2%, p = 0.087). 
Conclusions: Three years after DES availability, the 
TC in patients with CAD has not changed significantly 
as well as the 4-year incidence of death, myocardial 



ARTICLE SUMMARY 



Article focus 

■ During the year 2002 drug eluting stents (DES) 
were introduced in clinical practice, however the 
impact of their availability on the treatment 
choices among medical therapy, percutaneous 
coronary interventions (PCI) or coronary by-pass 
surgery and the conseguent clinical outcomes of 
real-world patients with coronary artery disease 
(CAD) is still unknown. 

Key messages 

■ Four years clinical outcome of consecutive 
patients with confirmed CAD in preDES and DES 
periods was similar; an increase of indications to 
PCI was observed only in subgroup of patients 
with Syntax score 23-32, which did not result in 
improved clinical outcome. 

Strengths and limitations of this study 

■ As far as we know, this is the first attempt to 
understand the impact of DES availability on the 
treatment choices in patients with CAD and con- 
seguent clinical outcomes up to 4 years. In 
future, it may be advisable to focus similar 
studies only to the subgroup of patients with 
higher Syntax scores. 



infarction, stroke and further revascularisations. In 
subgroup with Syntax score 23-32, a significant 
increase of indications to PCI was observed in the DES 
period, without any improvement of the 4-year clinical 
outcome. 



INTRODUCTION 

Drug eluting stents (DES) have been avail- 
able in clinical practice since 2002 in Europe 
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and 2003 in the USA, where they have been used in up 
to 90% of percutaneous coronary interventions (PCI) in 
the following years 1 because of their effectiveness in 
reducing the rate of restenosis when compared with 
bare metal stents (BMS). 2 This effect did not result in a 
reduction of mortality or myocardial infarction within 
4 years after the intervention in randomised clinical 
trials. 3 4 In observational studies, the results are some- 
what conflicting: some confirmed that DES are effective 
in reducing the need for new revascularisation without 
affecting the rate of mortality or myocardial infarction 5-7 
whereas others reach contrasting conclusions, that is, 
DES would favour a reduction in mortality and myocar- 
dial infarction with minimal impact on the need for 
repeat revascularisation. 8 In any case, only patients who 
actually had undergone PCI with DES or BMS were the 
object of all those studies. 

Surprisingly, despite the cost concerns associated with 
the widespread use of DES, 9 no data are available 
regarding the possible influence of DES availabilty on 
the choice between different therapeutic options in 
patients with confirmed coronary artery disease (CAD) 
and the consequent impact on the clinical outcomes of 
this population as a whole. 

The aim of our study was to investigate whether the 
availibility of DES had any effect on the choice of treat- 
ment among medical therapy (MT) versus PCI versus 
coronary by-pass surgery (CABG) in patients with con- 
firmed CAD and to observe the impact on overall clin- 
ical outcomes up to 4 years. 

METHODS 

Consecutive patients admitted to participating hospitals 
for acute or stable ischaemic heart disease and in whom 
the presence of CAD was demonstrated with coronary 
angiography (CA) in the first quarter of 2002 (in Italy, 
DES became available in April 2002) were compared 
with a similar group in the first quarter of 2005, when 
DES were routinely used during PCI. 

The study was approved by the ethics commitees in all 
participating hospitals. 

Participating hospitals 

Thirteen hospitals with cardiological facilities in the 
Veneto Region participated to the study. In four of them 
both interventional facilities and cardiac surgery were 
available, in six only interventional facilities and in three 
there was no cath lab on site. 

Patient selection and data collection 

All consecutive patients resident in the Veneto Region, 
admitted in any of the participating hospitals during the 
two selected quarters (1 January 2002-31 March 2002 
and 1 January 2005-31 March 2005), who underwent 
CA, with or without PCI, were identified from hospital 
discharge records, by means of ICD9CM procedures, 



codes 88.55, 88.56, 88.57 and 36.0, in the presence of 
primary or secondary CAD-related diagnosis (410-414). 

In hospitals without on-site cardiac surgery, all con- 
secutive eligible patients were selected (sampling frac- 
tional), whereas, in order to limit the workload, in the 
four remaining hospitals with higher volumes of 
patients, 50% of the eligible patients were selected by 
means of random sampling (sampling fraction=0.5). 

All hospitals provided complete clinical records as well 
as CA films for all selected patients, and these were ana- 
lysed on site by a dedicated team of experts (Heart 
Team), including one clinical cardiologist (PS), one 
interventional cardiologist (CB), one cardiac surgeon 
(DS) and one expert in economics and health manage- 
ment (DF). 

The exclusion criteria were intended to eliminate clin- 
ical and angiographic bias that could strongly influence 
the choice among MT, PCI or CABG: (1) absence of at 
least one coronary artery stenosis >50% on visual exam- 
ination; (2) patients hospitalised because of ST segment 
elevation acute myocardial infarction (STEMI), who 
underwent CA with the aim of performing primary or 
rescue PCI (only stable patients with STEMI lasting 
more than 24 h were enrolled); (3) patients hospitalised 
because of scheduled staged PCI; (4) patients with previ- 
ous CABG and (5) patients with associated valvular, con- 
genital or aortic disease committed to cardiac surgery. 
Moreover, patients with unavailable hospital records 
were excluded. 

All other patients, with at least one coronary artery 
stenosis >50%, were enrolled. 

For each patient medical records were carefully ana- 
lysed, films of coronary angiographies were reviewed, 
and the Syntax score 10 was calculated. Based on the 
results of Syntax trial, 11 cut-off points at 22 and 32 scores 
were considered for the analysis. Data regarding the 
interventional and surgical procedures were obtained 
directly from the hospitals where the procedures had 
been performed. 

From the regional archives of discharge records and 
mortality data, a 4-year follow-up was obtained for all 
patients enrolled. It included vital status, cause of death 
and hospitalisation for acute myocardial infarction, 
stroke or new revascualrisation with PCI or CABG. 

Statistical analysis 

According to the study design, which involved a stratified 
sampling, the hospital sampling weights were applied to 
estimate the total number of patients treated at the par- 
ticipating centres. Bivariate and multivariate analyses, 
taking into account the sampling weights, were carried 
out with the statistical packages SAS V.9.1.3 and Stata 
V.ll. Clinical presentation, type of treatment and out- 
comes of patients evaluated in 2002 and 2005 were com- 
pared by means of the Rao-Scott %2 (a Pearson %2 
corrected for the study design). Differences in the 
overall survival between the two groups were assessed by 
the logrank test. OR, with 95% CI for the risk of death 
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at 4 years, were estimated by a multiple logistic regres- 
sion model for survey data, including factors selected a 
priori: age, gender, year and type of treatment, variables 
included in the Clinical SYNTAX score (Syntax score, 
creatinine clearance and left ventricular (LV) ejection 
fraction (EF) ) , type of coronary syndrome, and presence 
of diabetes mellitus. 

Initial patient identification, linkage with mortality 
and hospitalisation data and statistical analyses, were per- 
formed by the Epidemiological Department of the 
Vene to Region (SER). 

RESULTS 

A total of 2464 patients were sampled for the review of 
clinical and angiographic data; 970 had at least one 
exclusion criteria, therefore the final study population 
consisted of 1494 patients hospitalised for acute or 
stable CAD and at least one coronary artery with stenosis 
>50%: 676 in the BMS period and 818 in the DES 
period. By applying the hospital sampling weights, this 
stratified sample represented a study population of 2131 
patients treated in the participating centres during the 
two periods (1003 subjects in 2002 and 1128 in 2005). 

Demographic characteristics of the two groups are 
compared in table 1: patients enrolled after STEMI 
underwent a CA more than 24 h after symptom onset 
and were clinically stable. History of hypertension and 
previous PCI were more frequent in 2005. No difference 
was observed, between the two groups, with regards to 
clinical status at admission, LV EF and the severity of the 
coronary artery disease. In both periods, the majority of 
patients had one/two vessel disease or a Syntax score 
<23. Among patients treated with PCI, the procedure 
was performed for restenosis of previous PCI in 12.6% 
versus 9.0% (p=0.125) patients in 2005 and 2002, 
respectively. 

The choice of treatment in the BMS and DES periods 

The choice of treatment among MT, PCI or CABG was 
similar in 2005, when compared with 2002 (table 2), in 
both stable as well as unstable clinical conditions, with 
the majority of patients undergoing revascularisation. In 
patients treated with PCI, the overall use of stents signifi- 
cantly increased and in those sent to CABG the off-pump 
surgery significantly decreased in 2005 when compared 
with 2002. In the DES period, 376 patients (33.3% of the 
study population) received at least one DES. 

The revascularisation was complete (no residual vessel 
>2 mm with stenosis >70% supplying viable myocardium) 
in 82.6% vs 79.0% (p=0.22) of patients treated with PCI 
and in 81.6% versus 76.1% (p=0.33) in those treated with 
CABG, in the BMS and DES period, respectively. 

Prescriptions at discharge significantly increased in 
2005 for all medications recommended as Class IA or IB 
in recent clinical guidelines. 12 

In table 3 the different therapeutic options are sum- 
marised for subsets of patients based on their Syntax 



Table 1 Demographic, clinical and angiographic 
charactheristics of the study population: percentages 
weighted to reflect 1003 subjects treated in 2002 and 1 128 
in 2005 




2002 
(1003) 


2005 
(1128) 


p 

Value 


|\/|o lo /o/ \ 

iviaie \/o) 


/ D.l 


/D.y 


U.4o 


Age (mean) 


65+10,7 


66+1 1 


0.071 


Age by decades (%) 






r\ a o 


<4o 


O A 

o.4 


O "7 




45-64 


41 .7 


38.8 




65-74 


33.6 


34.0 




>75 


21 .3 


24.4 




Diabetes mellitus (%) 


31 .9 


28.8 


0.22 


Arterial hypertension (%) 


68. 5 


73.6 


0.04 


Hypercholesterolemia (%) 


75.1 


75.8 


0.76 


Previous PCI (%) 


23.0 


28.5 


0.03 


Previous Ml (>3 months) 


29.2 


28.3 


0.52 


Clinical status at hospital 






0.24 


admission 








pxi — A It 1 /o/ \ 

STEMI (%) 


6.8 


8.2 




k ■ o "I" l~~ l\ yi i /. . x L~ l ■ /r>/\ 

NSTEMI/unstable angina (%) 


45.8 


48.7 




Stable CAD 


47.5 


43.2 




1 1 # C /o/ \ 

LV EF (%) 






0.13 


<25 


7.6 


7.6 




35-50 


21 .6 


17.2 




>50 


70.8 


75.2 




Number of vessels with 






0.76 


>50% stenosis (%) 








LM 


7.9 


8.3 




A 
\ 




OO A 




2 


30.3 


31 .4 




3 


35.0 


31 .9 




Numoer ot vessels wnn 






U.4o 


>70% stenosis (%) 








LM 


1.8 


2.7 




1 vessel 


41.4 


40.9 




2 vessels 


27.3 


27.7 




3 vessels 


22.0 


19.3 




Syntax score (%) 






0.17 


<23 


71.8 


73.5 




23-32 


18.7 


15.2 




>32 


9.5 


11.3 




CA, coronary angiography; LM, left main coronary artery; 
LV EF, left ventricular ejection fraction; Ml, myocardial infarction; 
NSTEMI, non-ST segment elevation myocardial infarction; 
PCI, percutaneous coronary intervention; STEMI, ST segment 
elevation myocardial infarction (coronary angiography performed 
at least 24 hours after symptom onset). 



score: only in patients with an 'intermediate' score, a sig- 
nificant increase in the use of PCI and a reduction of 
those sent to CABG or left in MT occurred during the 
DES period. 

Four years clinical outcomes 

The overall mortality during a 4-year follow-up (figure 1) was 
similar for patients enrolled in 2002 compared to those 
enrolled in 2005 (13.2% vs 13.8%, p=0.72); the same was con- 
firmed for cardiovascular mortality (8.2% vs 8.1%, p=0.94). 
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Table 2 Treatments performed and discharge 
medications: percentages weighted to reflect 1003 
subjects treated in 2002 and 1 128 in 2005 




2002 
(1003) 


2005 
(1128) 


p 

Value 


TC (all patients) 






0.51 


Medical therapy (%) 


29.2 


27.0 




i /o/ \ 

PCI (%) 


55.5 


58.6 




a n /o/ \ 

CABG (%) 


15.3 


14.4 




jr» /CTChJII/MCTCMI/l IA\ 

IU (b 1 tlVII/IMo 1 tlVM/UA) (n) 


o2f 




r\ /i c 


Medical therapy (%) 


23.3 


19.7 




D/^l /O/ \ 

rUl (%) 


bo. 2. 


DD.D 




O A DO /O/ \ 

UADb (%) 


HOC 

1 o.o 


1 3.7 




tc (Stable cad) (n) 


A 7C 

47b 


A 0~7 

4o7 


O OO 


Medical therapy (%) 


35.8 


36.6 




PCI (%) 


47.0 


48.0 




/^"\ A r-> /r»/ \ 

CABG (%) 


17.2 


15.4 




PCI patients 








BMS and/or DES 


84.6 


93.6 


<0.0001 


implantation (%) 








Only BMS (%) 


100 


43.1 




/^n „ 1. . r^v 1 — O /o/ \ 

Only DES (%) 




46.9 




DES + BMS (%) 




10.0 




Number stenosis treated (%) 






0.17 


■4 
1 


oD.y 


r- o A 

0O.4 




2. 




OO "7 




>3 


16.2 


12.9 




Number of implanted stents (%) 






o ooo 

u.uu^ 


0 


15.4 


6.4 




1 


54.5 


cor' 

58.6 




2. 


1 9.7 


OO c 




>o 


n r\ a 
1 0.4 


HOC 




CABG patients 








tu during ua&(j 






O OH 


complete (%) 


D^.O 


7b. 5 




partial (%) 


0.7 


3.3 




UTt-pump (%) 


37.2. 


OO o 




Graff type 






0.25 


Only arterial (%) 


8.4 


15.7 




Only venous (%) 


/.U 


D.O 




Arterial + venous (%) 


84.6 


78.0 




Medications at discharge (all 








patients) 








Aspirin 


86.8 


91.9 


0.01 


Thienopiridins 


54.2 


64.5 


0.0001 


Statins 


57.6 


68.7 


<0.0001 


ACEI or ARB 


56.1 


66.5 


0.0001 


Betablockers 


69.5 


77.0 


0.002 


ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin 
receptor blockers; BMS, bare metal stent; CABG, coronary artery 
by-pass surgery; CAD, coronary artery disease; DES, drug eluting 
stent; EC, extracoporeal circulation; NSTEMI, non-ST segment 
elevation myocardial infarction; PCI, percutaneous coronary 
intervention; STEMI, ST segment elevation myocardial infarction 
(only when coronary angiography performed at least 24 hours after 
symptom onset); TC, choice of treatment; UA, unstable angina. 



Hospital admissions for acute myocardial infarction 
and stroke were also similar between the two periods; 
further revascularisations occurred more frequently 
during the first year of follow-up in patients enrolled in 



Table 3 Treatment choice in patients with different 
Syntax scores: percentages weighted to reflect 1003 
subjects treated in 2002 and 1 128 in 2005 





2002 
(1 003) 


2005 
M128) 


p 

Value 


Syntax score <23 


719 


829 


0.87 


(number) 








Medical therapy (%) 


29.6 


31.1 




PCI (%) 


64.4 


63.1 




CABG (%) 


6.0 


5.8 




Syntax score 23-32 


187 


172 


0.0002 


(number) 








Medical therapy (%) 


31.0 


17.4 




PCI (%) 


35.8 


62.2 




CABG (%) 


33.2 


20.3 




Syntax score >32 


95 


127 


0.15 


(number) 








Medical therapy (%) 


23.2 


12.6 




PCI (%) 


28.4 


24.4 




CABG (%) 


48.4 


63.0 





For the year 2002 in 2 patients the Syntax score could not be 
computed 

CABG, coronary artery by-pass surgery; PCI, percutaneous 
coronary intervention. 



the DES period, and became similar after the 4-year 
follow-up (table 4). The 4 years combined end-point of 
major cardiovascular events (death or acute myocardial 
infarction or stroke) occurred in 17.9% versus 19.3% 
(p=0.52) of patients enrolled in 2002 vs 2005, 
respectively 

In patients treated with PCI in 2002 vs 2005, the 4-year 
mortality was similar (9.2% vs 10.6%, p=0.52). 

In patients treated with PCI in the DES period, no differ- 
ence in mortality was observed at 4-year follow-up among 
those with at least one implanted DES if compared with 
patients without DES (9.1% vs 12.6%, p=0.25). 

In patients with a Syntax score of 23-32, the subgroup 
in which a significant increase of PCI as choice of treat- 
ment was observed in 2005, a statistically insignificant 
trend toward increased mortality occurred after 4 years 
of follow-up in DES period compared with the BMS 
period (23.3% vs 16.0%, p=0.18); the same was observed 
for the combined end-point of mortality, stroke, myocar- 
dial infarction and further revascularisations (45.3% vs 
34.2%, p=0.087). 

Further revascularisations were performed more fre- 
quently with PCI (20.7% vs 16.1%, p=0.035) and less fre- 
quently with CABG (2.7% vs 4.8%, p=0.044) in patients 
enrolled in 2005, as compared with those enrolled in 
2002. 

At multivariate analysis (table 5), the independent 
determinants of increased 4-year mortality were older 
age, choice of MT, Syntax score >23, LV EF <50%, eGFR 
<30 ml/ min, diabetes mellitus and STEMI at presenta- 
tion, whereas no impact of the BMS or DES periods was 
detected. With regard to the combined end-point 
(mortality, myocardial infarction, stroke and further 
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revascularisations), the independent determinants of 



worse outcome were older 


age, 


choice of 


MT versus 


CABG, Syntax score >33, 


eGFR 


<30ml/min, LV EF 


Table 4 Hospital admissions for myocardial infarction, 


stroke or further revascularizations during 4-year follow up 


and combined end-point with all-cause death: percentages 


weighted to reflect 1003 subjects treated in 2002 and 1128 


in 2005 










2002 


2005 


p Value 


Myocardial infarction (%) 








1 y 


3.1 


2.9 


0.86 


2y 


4.4 


4.4 


0.97 


3y 


5.0 


5.8 


0.53 


4y 


5.2 


6.6 


0.26 


Stroke (%) 








1 y 


0.5 


1.2 


0.18 


2y 


0.9 


1.5 


0.31 


3y 


1.4 


1.7 


0.67 


4y 


1.7 


2.2 


0.49 


Further revascularizations 








(PCI or CABG) (%) 








1 y 


10.7 


14.5 


0.04 


2y 


14.6 


18.5 


0.06 


3y 


16.9 


20.9 


0.07 


4y 


19.7 


22.3 


0.25 


Death/M l/stroke/further 








revascularization (%) 








1 y 


16.2 


19.4 


0.13 


2y 


22.6 


26.8 


0.08 


3y 


28.3 


31.0 


0.29 


4y 


33.8 


34.9 


0.67 


CABG, coronary artery by-pass surgery; PCI, percutaneous 


coronary intervention; y, year. 









<35%, diabetes mellitus and presentation with STEMI 
(table 6) with neutral impact of BMS or DES period. 

DISCUSSION 

Ideally, the introduction of a new treatment should 
answer the unmet needs of patients with a specific 
disease and, therefore, if really effective, it should have a 
measurable effect on the clinical outcomes or quality of 
life for the overall population of these patients. 

In some fortunate historical moments, the availabilty 
of new technologies may immediately improve the clin- 
ical outcomes of a given population with a specific 
illness. There is no need for an RCT to demonstrate that 
the timely interruption of ventricular fibrillation with 
DC shock 13 saves lives and improve the overall survival 
of patients with STEMI. Similarly, when a new treatment 
is really effective, even a small number of patients 
enrolled in a dedicated RCT may be enough: in patients 
with left main disease, CABG has demonstrated to 
improve survival, when compared with MT, after enrol- 
ling only 113 patients in an RCT. 14 The role of RCTs is 
to compare the effectiveness of alternative treatment 
options, whereas, observational studies should assess 
interventions in real-world scenarios being frequently 
under-represented in RCTs. As above, when a new treat- 
ment is really effective, that is, the implementation of 
reperfusion strategies involving primary PCI in patients 
with STEMI, the impact on survival on the overall popu- 
lation of patients with STEMI may be much more 
evident in observational studies 15 16 than in RCTs. 17 

With regards to DES, after the demonstration of their 
effectiveness in reducing the rate of restenosis 2 and, 
therefore, reducing the need for repeated 
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Table 5 Independent determinants of 4-year mortality . 
Odds Ratios (OR) with 95% Confidence Intervals (CI) and 
probability associated to a two-tailed test (p) estimated by 
a logistic regression model for survey data 



OR 95% CI 



p Value 



Age (years) 1.07 1.05 to 1.10 <0.001 

Gender (female vs male) 0.67 0.42 to 1 .07 0.093 

Year 2005 vs 2002 0.98 0.68 to 1 .41 0.91 8 

PCI vs Medical therapy 0.45 0.30 to 0.69 <0.001 

CABG vs Medical therapy 0.34 0.18 to 0.62 <0.001 

Syntax score 23-32 vs <23 1.64 1.02 to 2.63 0.041 

Syntax score >33 vs <23 2.15 1.19 to 3.89 0.011 

eGFR 30-60 vs >60 1 .44 0.91 to 2.26 0.1 1 9 

eGFR <30 vs >60 4.70 2.06 to 10.07 <0.001 

LV EF 35-50% vs >50% 2.05 1.36 to 3.08 0.001 

LV EF <35% vs >50% 3.63 1.98 to 6.65 <0.001 

Diabetes mellitus (yes vs no) 1 .82 1 .26 to 2.64 0.002 

NSTEMI/UAvs stable CAD 1.42 0.94 to 2.13 0.093 

STEM I vs stable CAD 2.15 1.08 to 4.30 0.030 

CABG, coronary artery by-pass surgery; CAD, coronary artery 
disease; eGFR, estimated glomerular filtration rate in ml/min; 
LV EF, left ventricukar ejection fraction; NSTEMI, non-ST segment 
elevation myocardial infarction; PCI, percutaneous coronary 
intervention; STEMI, ST segment elevation myocardial infarction; 
UA, unstable angina. 



revascularisations, their utilisation in 2005 reached 
approximately 90% of interventional procedures in 
USA, 1 despite the demonstrated absence of an impact 
on other major cardiovascular events, 3 4 and despite 
their cost-effectiveness could be demonstrated in a 



Table 6 Independent determinants of 4-year combined 
end-point (mortality, myocardial infarction, stroke or further 
revascularizations). Odds Ratios (OR) with 95% 
Confidence Intervals (CI) and probability associated to a 
two-tailed test (p) estimated by a logistic regression model 
for survey data 



OR 95% CI 



p Value 



Age (years) 1 .02 1 

Gender (female vs male) 0.77 0 

Year 2005 vs 2002 1.02 0 

PCI vs Medical therapy 1 .09 0 

CABG vs Medical therapy 0.31 0 

Syntax score 23-32 vs <23 1 .37 0 

Syntax score >33 vs <23 2.07 1 

eGFR 30-60 vs >60 1.32 0 

eGFR<30vs>60 4.66 2 

LV EF 35-50% vs >50% 1.28 0 

LV EF <35% vs >50% 3.53 2 

Diabetes mellitus (yes vs no) 1 .43 1 

NSTEMI/UAvs stable CAD 1.20 0 

STEMI vs stable CAD 2.08 1 



00 to 
55 to 
80 to 
82 to 
19 to 
97 to 
32 to 
94 to 
15 to 
94 to 

09 to 

10 to 
91 to 
30 to 



1.03 

1.07 

1.32 

1.45 

0.49 

1.94 

3.27 

1.86 

10.07 

1.74 

5.96 

1.87 

1.56 

3.33 



0.018 
0.114 
0.856 
0.543 

<0.001 
0.075 
0.002 
0.112 

<0.001 
0.120 

<0.001 
0.008 
0.191 
0.002 



CABG, coronary artery by-pass surgery; CAD, coronary artery 
disease; eGFR, estimated glomerular filtration rate in ml/min; 
LV EF, left ventricukar ejection fraction; NSTEMI, non-ST segment 
elevation myocardial infarction; PCI, percutaneous coronary 
intervention; STEMI, ST segment elevation myocardial infarction; 
UA, unstable angina. 



limited number of patients, that is, those at high risk for 
restenosis. 9 18 Moreover, most recent guidelines on myo- 
cardial revascularisation, recommend DES implantation 
in all patients treated with PCI, in the absence of contra- 
indications to extend double-antiplatelet treatment 
(Class I LOE A). 19 This recommendation is based on a 
number of randomised, as well as observational studies 
published in the last 10 years, all of them addressing 
only the populations of patients who actually underwent 
revascularisation and comparing DES with BMS or 
CABG. We were not able to find any publication in 
Pubmed addressing the impact of DES availabilty on the 
overall population of patients with coronary artery 
disease in a real-world practice, candidates, therefore, 
not only for percutaneous or surgical revascularisation 
but also for MT, and were unable to understand whether 
the DES availabilty had any global impact on treatment 
options and, as such, on the clinical outcomes of this 
population. Consequently, the study questions were: (1) 
did DES availability push the indications towards percu- 
taneous interventions and, if so, what was their overall 
impact on clinical outcome? To find an answer, our com- 
parison was made by extracting upstream two groups of 
consecutive patients hospitalised in the BMS and DES 
periods for ischaemic heart disease in the presence of at 
least one stenosis >50% at CA. All patients with a strong 
clinical indication for PCI (STEMI in the first 24 h and 
those with previous CABG) or for surgery (associated 
conditions necessitating surgical correction) were 
excluded. The patients were enrolled in 13 hospitals 
with the aim of generalising the findings and the DES 
period was delayed until the first quarter of 2005 in 
order to compare a BMS period with a 'steady-state' 
DES period. The completeness of the enrolment of con- 
secutive patients, together with the accurate review of all 
medical records and angiographies, represents one par- 
ticular strength in our study and allows to overcome 
limits inherent in both the analyses limited at adminis- 
trative records (lack of clinical data) and observational 
clinical studies (limited coverage and consecutivity 
concerns) . 

The main finding of our study is that the availabilty of 
DES, being actually implanted in one-third of patients 
observed in the DES period, had no impact on any of 
the major cardiovascular events during a 4-year 
follow-up, including the need for further revascularisa- 
tion, in the overall population of patients hospitalised 
because of ischaemic heart disease and with at least one 
coronary artery stenosis >50%. In a multivariable ana- 
lysis, the 4-year survival as well as the combined end- 
point of mortality, myocardial infarction, stroke and 
further revascularisations, were unaffected by the availa- 
bilty of DES, whereas older age, severe renal failure, LV 
EF reduction, higher Syntax score and the choice of MT, 
had an independent negative impact on survival. 

It is not possible to compare our findings to other 
similar studies, since all published studies investigated 
patients who actually underwent revascularisation with 
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implantation of BMS or DES. The limitations of these 
observational studies were underscored by Yeh est al, sug- 
gesting that in order to assess the clinical impact of DES, 
the comparison of a BMS period versus a DES period 
could be more reliable than comparing patients 
implanted with one or the other type of stent, in spite of 
complex statistical analyses. 20 We took another step 
forward by taking into account all patients hospitalised 
because of ischaemic heart disease, and not only those 
who underwent revascularisation, in order to assess the 
overall clinical impact of DES availability, starting from 
the choice of initial treatment between MT or revascular- 
isation with PCI or CABG. 

Interestingly, our findings do not support the wide- 
spread belief that the availability of DES increased indi- 
cations toward the PCI as the preferred treatment for 
patients with ischaemic heart disease; only in those with 
CAD of 'intermediate' complexity, that is, with a Syntax 
score of 23-32, we observed a significant increase of sub- 
jects undergoing PCI and a decrease of those left in MT 
or sent to CABG. This group represented only 17.6% of 
patients with demonstrated CAD and, therefore, any 
change of treatment options limited to this group will 
only marginally impact on the overall results on treat- 
ment choice. In our study, the shift toward the choice of 
PCI as the preferred treatment in this subgroup of 
patients did not impact on their clinical outcome. 

Another finding of our study is that most of patients with 
demonstrated CAD showed a 'low' complexity disease, that 
is, Syntax score <23, therefore candidate to MT or PCI 
more easily then to CABG and with prognosis hardly to be 
influenced with any type of revascularisation. 

As previously demonstrated in RCTs, 3 4 no significant 
difference in mortality or rate of myocardial infarction 
can be expected in patients treated with DES and this 
finding was confirmed in our study. With regards to our 
finding that even further revascularisations were not 
decreased in the DES period, the only hypothesis we 
can formulate is that the occurence of clinical restenosis 
after PCI in a real-world population, during the BMS 
period immediately preceding the DES availability, was 
indeed not high: only 12% after 12 months in a series of 
3146 consecutive patients. 21 Even in the largest reported 
registry, accounting for 262 700 medicare patients, the 
use of DES had no impact on the further revascularisa- 
tions when compared with BMS. 8 Therefore, it may be 
difficult to demonstrate any meaningful difference in 
the need for further revascularisations associated with 
DES availability, observing the real-world population of 
patients with coronary artery disease as a whole. 

Limitations of the study 

The sample size was relatively small to reach statistical 
significance in some subgroup comparisons, for which 
the enrolment of a larger number of patients would 
have been required. On the other hand, if thousands 
and thousands of patients are to be enrolled to 



demonstrate any effect of a treatment, it is very likely 
that the treatment itself has a limited clinical meaning. 

Most of patients had 1-2 vessel disease and/or Syntax 
score <23 and therefore with expected favourable prog- 
nosis as demonstrated in a multivariable analysis. It 
seems reasonable that further investigation regarding 
the impact of DES on clinical outcome should address 
mainly the group of patients with higher Syntax score. 

The follow-up was based on administrative data; there- 
fore, we had no information on the quality of life of 
patients enrolled in the BMS and DES periods. 

In our study, DES were implanted in 57% of patients 
who underwent PCI in 2005 and we are unable to 
extrapolate our findings to different scenarios, that is, 
the use of DES in 90% of the patients treated. In any 
case, the most recent data in Italy regarding 2010 show 
that at least one DES was implanted in 54.8% of 141 916 
PCI procedures, 22 supporting the fact that our data can 
be generalised to contemporary real-world practice. 

CONCLUSION 

In the Veneto Region, among patients hospitalised for 
coronary artery disease, confirmed by the presence of at 
least one coronary artery stenosis >50% at CA, the availa- 
bilty of DES did not change the proportion of those 
treated with MT or surgical and percutaneous revascular- 
isation. Moreover, despite the fact that majority of the 
patients who received PCI in 2005 had at least one DES 
implanted, no effect on clinical outcome, including sur- 
vival, rate of myocardial infarction, stroke and further 
revascularisations, was observed in the overall population 
when compared with the BMS period. Only in the 
Syntax score 23-32 subgroup, an increase of indications 
to PCI was observed in the DES period, without any 
improvement of 4-year clinical outcome. 
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